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or sponsored by the Experiment Station 


DURABILITY OF PAINTS 
on Weathered Galvanized Roofing 


By M. L. Burcener and Deane G. CartTEr’ 


ROLONGED WEATHERING deteriorates the zinc coat- 

ing on galvanized metal sheets and exposes the base metal 
to rust action. By coating the sheets with protective paint it is 
possible to prevent or greatly delay rusting, to improve the 
appearance of rusted sheets, and to prolong their useful life. 

The problem of protection is of particular concern to farmers 
and to manufacturers and suppliers who serve the farm trade. 
Farmers use large amounts of galvanized metal for roofing and 
siding; fully a third of the farm buildings in thirty-six states east 
of the Rocky Mountains had galvanized metal roofs ten years 
ago.” In the last few years increased production and use of all- 
steel farm structures have added to the amount of galvanized 
metal on farms. One manufacturer alone produced about 100,000 
tons of galvanized sheets in 1950, most of it going into the farm 
trade. 


SIXTEEN YEARS OF FARM TESTS 


Paints differ in their capacity to adhere to metal, to withstand 
exposure, and to prevent rusting. The final measure of their 
value is obtained only by tests in service or under service condi- 
tions. Extensive testing by manufacturers and public agencies 
has given adequate information on the causes of corrosion and 
on the protective measures that should usually be taken for plain 
steel. Service tests of paints for galvanized metal under farm 
conditions had not been made, however, at the time the investi- 
gations reported here were established in 1932 by the American 





*M. L. Burcener, formerly graduate assistant in Agricultural Engineering; 
and Deane G. Carter, Professor of Farm Structures. This study was supported in 
part by funds provided by the American Zinc Institute. 

*Survey conducted by American Zine Institute, reported in Agricultural 
Engineering 29, 542 (1948). 
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Zine Institute. The tests were conducted until 1948 and were the 
most extensive tests of paint coatings on galvanized sheets made 
under typical farm conditions. 

Test panels covered the entire roof area of six buildings on 
the farm of Raymond Harwood at Donnellson, Illinois. Four 
hundred of the panels were given either one or two coats of vari- 
ous kinds of paint. In all, 91 paints were used in the study. These 
included all coatings that were then regarded as suitable for use 
or which had been commonly used on galvanized metal. Paints 
were obtained from all manufacturers who could be contacted 
and who wished to submit samples. Usually the paint was iden- 
tified by its composition rather than its brand name. 

In 1948 the records for the sixteen years were turned over to 
the Department of Agricultural Engineering of the Illinois Sta- 
tion. The responsibility of the Experiment Station was to an- 
alyze and interpret the records and report conclusions as to the 
kind, or kinds, of paint to use, how it should be applied, and how 
the paint coatings compared in relative durability under typical 
farm conditions. 


METHOD OF PROCEDURE 


At the beginning of the test period, most of the rusted sheets 
were cleaned with a wire brush to remove loose scaly rust. Paints 
were brushed on by hand.’ Samples of paint coatings were applied 
on surfaces 24 inches wide and either one sheet long, with 8 feet 
as the minimum, or the full length of the roof slope. All samples 
were apphed by the same persons according to manufacturers’ 
directions. No intentional advantage in roof slope, or exposure, or 
condition of the specimen sheet was given to any paint. 

Inspections were made each year by a committee from the 
American Zine Institute, with a member of the Illinois Station 
participating in the final detailed inspection in 1948. Data were 
recorded on the following points: 


Position of test sheets (type of building, roof slope, and 
whether exposure was to north, east, south, or west) 


*Since these tests were established, spray painting has become common. It 
requires careful attention to get uniform coverage. Wire-brushing is often 
omitted because of the labor involved, but if omitted, the loose rust should be 
removed and a heavier application of paint made. 
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Original condition of sheets (recorded photographically and 
also described as new, good, fair, fairly rusty, rusty, and very 
rusty; whether sheets were wire-brushed also recorded) 

Paint composition (from manufacturer’s formula) 


Annual record of condition (mostly recorded in qualitative 
terms such as incipient rust, peeling, fading, streaks of rust, and 
definite areas of rust; in the later stages of deterioration, propor- 
tion of the surface area from which the paint film was gone was 
recorded as “‘percent failure” ) 


Limitations of the data. The principal value of these tests is 
that they were made under a typical farm situation. Paints were 
applied at various stages of rusting; variations in roof slope and 
direction were typical; and the tests were conducted in a rural 
area. The very fact, however, that the tests were conducted under 
field conditions, without the more exacting analysis and control 
characteristic of laboratory determinations, caused difficulty in 
interpreting the results. Nevertheless it was possible to obtain 
average performance and to compare relative values. 

The most serious variation was in the condition of the speci- 
men sheets, which offered a variety of surfaces for the paint. 
Practically all surface conditions from good zine coating to bare 
rusty base metal, with all the intermediate stages of rusting, were 
included. Some single sheets showed all these variations. Another 
limitation was the small number of replications. Also, the inspec- 
tion committee was not the same throughout the tests and ob- 
jective measures were not used to determine deterioration of 
samples. 


Definition of qualitative terms. It was necessary to define quali- 
tative terms as precisely as possible in order to obtain informa- 
tion of practical value. The terms used in the inspection records 
of the sheets were defined as follows, based on a comparison with 
photographs: 

New. Unweathered sheet without previous exposure. No evi- 
dence of rust. 

Good. Ranged from weathered sheets with no evidence of rust 
to a condition where 90 percent of the zine coating remained. 


6 Buuuetin No. 565 [March, 


Fair. Zine coating on 70 to 90 percent of the sheet; or large 
areas of yellow alloy-layer rust. 

Fairly rusty. Zine coating on 30 to 70 percent of the sheet in 
reasonably large areas. 

Rusty. Zinc coating in evidence on 10 to 30 percent of area. 

Very rusty. Zine coating gone, or remaining only on a total of 
not more than 10 percent of the sheet. 

The terms used for the protective paint films were evaluated 
in a similar way. In the early stages of failure, a comparison with 
photographs indicated the following definitions: 

Good; excellent. No breaks in the paint film. 

Slight rusting; few pinholes of rust. Minor damage, probably 
less than 5 percent of the paint film gone. 

Pinholes to definite areas of rust; streaks of rust. Usually 5 to 
10 percent of film gone. 

Percentage. Refers to the area of surface devoid of paint and 
not to the proportion of the thickness of the paint film. 


Method of rating performance. It was essential to establish an 
objective measure of the serviceable life of the paint coating. 
The paint user commonly judges performance by the number of 
years a paint lasts before he has to repaint. To indicate the 
relative value of each paint tested, some point in the weathering 
process should be defined specifically as the desirable “repaint 
stage.” The measure used should be a quantitative figure de- 
scribing the life of the paint system in months or years to the 
stage when repainting is necessary. 

One way to define repaint stage is to do so according to the 
ASTM photographie standards,’ as proposed in 1944. Specifically, 
ASTM 8 was recommended’ as the stage in the photographic 
standards when repainting was necessary. This proved to cor- 
respond with the point at which the inspection records for these 
tests indicated that about 5 percent of the surface was devoid 
of paint. It was decided to use the 5-percent loss as an indication 





*For details consult publications of the American Society for Testing 
Materials. 

* Singleton, W. F. Interpretations of visual rusting standards. Amer. Soc. for 
Testing Materials Proc., 910. 1944. 
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One coat of aluminum-spar varnish after four years. Small pinholes of rust 
and darkening are a characteristic failure of aluminum paints over rusty 
metal. (Fig. 1) 


of the repaint stage for several reasons: it was an observable 
area; it was the first percentage sted in the annual inspections; 
most specimens lost at least 5 percent during the test period; and 
a 5-percent loss showed imminent need for repainting. The 
number of years required to reach the repaint stage was therefore 
chosen as one measure of paint performance. 

An “average score” method of comparison was also used to 
evaluate paint failure and to provide a check on the “years to 
repaint stage.’ This method was proposed and used by Blum, 
Strausser, and Brenner for evaluating metallic coatings for steel. 
The method is described by the authors as follows: 


“Each inspector assigned a numerical rating [from 0 to 5] 
to each specimen, and the average of the ratings of all the in- 
spectors for each set of specimens constituted the recorded rating 

* Blum, William, Strausser, Paul W. C., and Brenner, Abner. Research papers 


712 (September, 1934) and 867 (February, 1936). [U. S.] Natl. Bur. Standards 
Jour. Res. 
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for that set, location, and inspection date. The mean of this and 
the rating at the preceding inspection, that is, the average 
rating for that period, was multiplied by the number of weeks 
intervening to obtain the score for the period. The total score for 
the entire period was compared with a perfect score for the same 
period to obtain the percentage score. The net result was to 
express the quality on a percentage basis, which, however, as 
shown [on page 9], is not proportional to the percentage of un- 
rusted surface .. . but is roughly logarithmic.” 





Upper sheet shows the appearance of one coat of metallic-zine linseed-oil 
paint after eight years. Dark spots show where the paint is gone. Bottom 
sheet carries two coats of metallic-zinc paint. (Fig. 2) 
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Surface Corresponding Unrusted 
rusted, score, surface, 
percent Rating percent percent 
0 5 100 100 
0-5 4 80 95-100 
5-10 3 60 90-95 
10-20 2 40 80-90 
20-50 1 20 50-80 
50-100 0 0 0-50 


Two changes were necessary to fit the Blum-Strausser-Bren- 
ner method to this analysis. “Percentage of film gone” was used 
instead of “percentage of metal rusted” because failure of paint 
on galvanized metal may be due to causes other than rusting of 
the base metal, such as failure due to poor adhesion. Also, since 
the time interval between inspections was constant at one year, 
it was not necessary to multiply the average rating by time. 

The percentage score derived for this report is based on a ten- 
year period within which most of the tests were completed. Since 
the maximum rating for each year was 5, the total rating possible 
for a ten-year period would be 50. The actual total rating for any 
specimen divided by 50 equalled the average percentage score, as 
shown by this record of one specimen: 


Average for period 

Year Condition Inspector's rating between ratings 
He) MAMESCATOUOLELCS Ue eh Gate oe - bod oe ek PE he 5 
NB ny CR GSG TO) Sipe SRR 8 i ag rr 5 Bee 
ee OL OOM rete mnie ve ORT obits hg Ye tno os 5 an 
WRG VU)” Us tetaye bs Bo Sn ae) cael ils WRI gee Aiea a 5 ae 
SOU) Coating ne : any 
iC OM Cs : oat 
Leesa LeG TAtINS )oy c.. Wie Ghee: Ss naoinee a bs 4 ze 
LUA seetroa Kew PIN Ole Lust.) Yoh os ce «ala is sels « 4 
1944 Streaks, pinhole rust, 5-10%................ 3 he 
pas ootrcakss pinhole rust,-109,.. . 2. 2:6) es «a hee 2 1 5 
Pee ALLUIMaS AIT ae tent Pee Beet eet ae eed 1 

Weg Hsh Ae ot py Tag ai YS hea NA eel lee ea 41.0 


Percentage score = = Ng = 82 


50 (perfect rating, 10 X 5) 


RESULTS OF THE TESTS 


The principal results of these tests are given in Tables 1 and 
2, where the items are arranged in descending order of durability 
in terms of years to repaint stage. The relative durability is also 
indicated by the ‘“‘percentage score.” 
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Table 1.— Durability of Paints in One-Coat Applications 
Paint description Years to. Per- Number 
Item repaint centage of speci- 
Pigment Vehicle staget scoret mens 
1 80% zinc dust 57% soybean oil 
20% zinc oxide 29% linseed oil 
14% thinner and drier 6.81 79.0 4 
2 80% zine dust 84% soybean oil 
20% zine oxide 16% thinner and drier 6.11 74.9 7 
3 80% zinc dust 
20% zine oxide Fish oil 6.06 66.0 4 
4 80% zine dust 90% linseed oil 
20% zine oxide 10% thinner and drier 5.63 68.9 34 
5 80% zinc dust 29% soybean oil 
20% zinc oxide 59% linseed oil 
12% thinner and drier 5.56 66.8 | 
6 Lead chromate Linseed oil 5.45 61.0 4 
7 85% iron oxide 
15% zine chromate Linseed oil 4.88 69.5 4 
8 74% zinc dust 
19% zine oxide 71% linseed oil 
7% flake aluminum 29% drier 4.33 58.0 3 
9 66% zinc dust 
16% zine oxide 90% linseed oil 
18% iron oxide 10% thinner and drier 4.20 54.2 5 
10 80% zine dust 70% bakelite varnish 
20% zine oxide 30% mineral spirits 3.93 54.8 19 
11 _—_— Iron oxide Linseed oil 3.10 54.0 5) 
12 50% zinc chromate 85% phenolic resin 
50% iron oxide varnish 
15% mineral spirits 3.25 46.0 4 
13. 62% zinc dust 50% linseed oil 
18% zine oxide 40% kettled oil 
20% inerts 10% thinner and drier 3.00 39.8 4 
14 = Graphite Linseed oil 2.85 38.6 5 
15 Zine dust 
Zinc oxide 90% linseed oil 
Carbon black 10% thinner and drier 2.50 BAT, 6 
16 ~—Red lead 
Iron oxide Wood oil 
Inerts Synthetic resin 2.40 36.4 5 
17 ~—* Red lead Linseed oil 2.38 26.0 4 
18 [ron oxide 
Inerts Fish oil 2.20 28.2 5 
19 Aluminum Bakelite 2.06 29.5 4 
20 Aluminum Wood oil resin 2.00 27.0 3 
21 Aluminum Asphalt 1.64 25.6 11 
22 Blue lead Linseed oil G2 20.00 4 
20) me\CODDET CUSt Gn en ne eee 1262 23.2 8 


t See page 12 for explanation of these terms. 
(Table is concluded on next page.) 
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Table 1.— Concluded 
Paint description Years to. Per- Number 
Item repaint centage of speci- 
Pigment Vehicle stage* score* mens 
24 Asphaltum with 
Me DesLOstiber: Mn |. Ma hes con 1.56 16.0 4 
25 Outside green 
Hiouseroaint ge wen Beis ea eae 1.50 25.0 4 
BOMEeASONaIGUI a eT je 14.0 4 
27 ~=— Zinc flake Alkyd resin 1.00 24.7 3 
28 Blue lead Fish oil .83 9.7 3 
Table 2.— Durability of Paints in Two-Coat Applications 
Paint description Years to Per- Number 
Item repaint centage of speci- 
Pigment Vehicle staget scoref mens 
1 (a)* 80% zinc dust 90% linseed oil 
20% zine oxide 10% thinner and drier 
(b)* 80% zine dust 90% linseed oil 
20% zine oxide 10% thinner and drier 11.117 98.9 8 
2 (a) 80% zinc dust 90% linseed oil 
20% zine oxide 10% thinner and drier 
(b) Aluminum Spar varnish 9.00 94.3 3 
3 (a) 50% iron oxide Chinawood oil 
25% zine chromate Phenolic resin varnish 
5% zine oxide 
20% inerts 
(b) Aluminum Chinawood oil 
Phenolic resin varnish 8.58 92,3 3 
4 (a) 80% zinc dust 90% linseed oil 
20% zine oxide 10% thinner and drier 
(b) 85% chromic oxide 
15% zinc oxide Alkyd resin 8.50 92.7 3 
5 (a) 80% zine dust 90% linseed oil 
20% zine oxide 10% thinner and drier 
(b) 80% zine dust 90% linseed oil 
20% zine oxide 10% thinner and drier 8.02 88.4 13 
6 (a) 80% zine dust 90% linseed oil 
20% zine oxide 10% thinner and drier 
(b) Aluminum Wood oil resin Ted 88.0 3 
7 (a) 80% zine dust 90% linseed oil 
20% zinc oxide 10% thinner and drier 
(b) Outside green paint ........ 5.40 63.4 5 
8 (a) Aluminum Asphalt 
(b) Aluminum Asphalt 4.25 51.3 8 
9 (a) Red lead Linseed oil 
(b) Outside green paint ........ 3567 52.5 3 





t See page 12 for explanation of these terms. 
* (a) first coat; (b) second coat. 


+ Second coat applied after first coat had weathered until breaks appeared in 


the surface. 
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“Time to repaint stage’ represents the time at which ap- 
proximately 5 percent of the surface of the specimen sheet was 
devoid of paint, as already explained. In the two-coat tests, this 
degree of failure applied to the base coat. 

The percentage score may be interpreted as the proportion 
of a ten-year period during which the paint gave good protection. 
Differences of 10 in the percentage score are regarded as signifi- 
cant. Such a difference corresponds to slightly more than one year 
in “time to repaint stage.” Differences as large as these probably 
indicate real variations in the durability of the test specimens. 

Only paints used on three or more samples are included in the 
tables. The rating given is the average of all specimens in any 
group. 


PERCENT OF PAINT REMAINING 





0 2 4 6 8 10 12 14 
YEARS EXPOSURE 


Weathering of one-coat paint applications on metal sheets for the duration 
of the test period. Although the “repaint stage” is reached when 5 percent 
of the surface of the sheet is exposed, relative performance is best shown by 
the complete curves. Figures on the curves indicate the paint tested as fol- 
lows: (1) metallic zinc-60 percent soyoil; (2) metallic zinc - linseed oil; 
(3) zinc chromate - iron oxide; (4) metallic zinc - fish oil; (5) metallic zinc - 
bakelite; (6) iron oxide - linseed oil; (7) zinc dust - zinc oxide -inert (62-18- 
20); (8) graphite - linseed oil; (9) aluminum - spar varnish; (10) blue lead - 
linseed oil; (11) red lead - linseed oil; (12) asbestos - asphalt; (13) asphalt. 

(Fig. 3) 
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Performance of two-coat applications. Figures apply to the following paint 
combinations: (1) spaced coats of metallic zinc- linseed oil; (2) metallic 
zinc - linseed oil with second coat of aluminum -spar varnish; (3) metallic 
zinc - linseed oil with second coat of “Dulux” green; (4) both coats metallic 
zinc - linseed oil; (5) metallic zinc-linseed oil with second coat of alum- 
inum - wood oil resin; (6) metallic zinc - linseed oil with second coat of out- 
side green-linseed oil; (7) both coats aluminum -asphalt; (8) red lead- 
linseed oil with second coat of outside green - linseed oil. (Fig. 4) 


About one hundred other tests were made which included 
only one or two samples. Most of these paints were similar to 
those listed, varying only in the proportion of various ingredi- 
ents. A few were proprietary paints for which the composition 
was not determined. 


EVALUATION OF THE TESTS 


Enough tests were made with several paint combinations to 
justify the following conclusions. 

With the zinc-dust zinc-oxide combinations, which were used 
most extensively, the most economical protection was obtained 
with one-coat applications. Applying a second coat after a few 
years, when surface failure became evident, resulted in longer 
protection than that from two coats applied one shortly after the 
other. 
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The most consistent performance of zinc paints was obtained 
from compositions of 80 percent zine dust and 20 percent zine 
oxide in a vehicle of linseed oil, soybean oil, or a combination of 
the two with thinners and driers as necessary. The typical metal- 
lic zine paint consisted of 78 percent pigment and 22 percent 
vehicle. 

Color tinting was feasible with zinc-dust zinc-oxide paint. 
Results were satisfactory when 10 percent of gray, green, and 
red color pigment was added and the 80-20 proportion of zine 
dust to zine oxide was maintained. By comparison, the brown, 
blue, and black color pigments gave poor performance. 

Durability of the coatings decreased progressively with 
greater amounts of rust on the sheet at the time of painting. 
Cleaning the rusted surface with a wire brush before painting 





A good performer after twelve years. This sheet had two coats of metallic- 
zinc paint (80 percent zinc dust and 20 percent zinc oxide in linseed-oil 
vehicle). Pinholes of rust are showing through the paint film. (Fig. 5) 
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Two other good performers after twelve years of weathering. Above sheet 
had a prime coat of metallic-zinc paint and a top coat of aluminum in wood 
oil-resin vehicle. Dark areas show rust breaking through primer. The 
aluminum top coat remains only at the brush laps and in scattered spots in 
the valleys. The sheet below had a primer of principally iron oxide and zinc 
chromate and a top coat of aluminum in wood oil-resin vehicle. Dark areas 
show some rusting and exposed prime coat. (Fig. 6) 





Me 
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reduced the amount of paint required to cover, but did not add 
measurably to the durability of the coating. It is probable that 
relatively heavier coatings must be applied to heavily rusted 
surfaces. 

The principal value of applying two coats was to secure 
better coverage and to permit the use of especially good primers 
in combinations with top coats that gave a desired value in 
appearance, color, or reflectivity, such as aluminum paint over a 
metallic zine primer. Most paints with synthetic and varnish 
vehicles gave satisfactory service over a primary coat. 

Many questions about the protection of galvanized metal by 
painting could not be answered by these tests, either because of 
complete lack of data or because the data were too limited. It 
must be remembered too that some paints shown to be relatively 
ineffective might have performed better under other conditions, 
for example, as a second coat over a suitable primer. 
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